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(57) Abstract: A method whereby the ratio of glycated 
hemoglobin can be highly accurately and easily determined. 
The ratio of glycated hemoglobin can be determined by 
selectively digesting glycated hemoglobin in a whole blood 
sample with a protease, reacting the glycated moiety of 
the glycated hemoglobin digestion product with a glycated 
amino acid oxidoreductase, and then measuring this 
oxidoreduction reaciion. As the glycated hemoglobin data 
determined by this method correlate to HbAl c concentration 
in whole blood samples. Therefore, HbAlc content can be 
highly accurately and easily determined from the glycated 
hemoglobin data without measuring the glycated Of -amino 
group moiety which is the characteristic structure of HbAlc. 
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20 :$imm(om^:&miz^\^^x. mit^'^^uify^mm.miz^m-r^iz 

D X T -ii ^ b T % J; Vi. 
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:^^uz^X2^^i'~'\i. Bacillus suMiJj^S5l^7'Dx7 — -fe'T? 

CO ^ C C. A/*>J cK ^ * ' o r»'j Mi-i^t* »/ * * * — 

tOI3p^^5'D:^clX'1':^-^f tt-T^*, Bacillus ^ ^ ° ^ ° 
if (EC 3. 4. 2 4. 4) (««J;^t^> (^) ^ : ^iPo 

^ ^*?*tf e.n€>c c:ne>o'4»T?'b^oi?^L<«^^p 

-^p^^-j — ynp^^-O, /^n-rVT'^D, #lw$f^b< 
10 uyD^^-Y:? — -tf-C^-i). 

Tl, 000 — 10, 000. 0 0 0 U<DlSffl~e^JPt'-5ili:*W*L' 
25 <. Sfe, SifiBFAOD«. ^jfiLlmLlC^fUXS 0 0-4 0. 0 0 0 
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5 >$f_if (^r. rpoDj t^^o) iimitiz^Kim'&T^mmii^m^^ 

-4, 4' (v^P^5^;l/T5 /) i^:7xnjl/T5>:M-Ui^A, :^ 

i!)t$>lfiE>n^o ^tz, |fftB4 -TS y T>^tru 7S,/r> 

y>bh*^y> (MBTH) , ;^;i^jK>-ft:^5^;i/^>X5=-Ti/U / >t 
H^y> (SMBTH) #'fe^s&>S*t?^-&c 

20 ^€iz. :$imm(OH b Ai. c (Dmm:&mt. mm^^^mo^^^a}:! 
>m^m(omM:^ii:\z^^^'eifo\f>m^[:mtHhAi c (omiicom 

miz^xT^^itiz^v. mm±skmm^iz:ts\f^Hb Ai c<Dm^:^ 

25 it>^m^:^^-v$>^c 
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^:bt. HbAl c(D?B!]^H, mM^<^^'^^^ H b A 1 c CD^ iic6^ 

, -)^^-r^FAOD^^\ m^it. a-r^/mmit^mz-mvx^m^ 

HhAlc<Dm^^> iE?|5&^tPfaffi^CfT'5^1^:*ST^. HbAlc<D?l!l 
15 :*:^HJ©HbAlcCD?il^;?^t;i*V>T. tfilB^ft^t*. ^2ptti^© 

iE^HbAi cs^. totB*^0J(^^^:^^Dtf>«^^i^*<^all^;^^*^^^ 

-r>> r^'iJ'JI^Mfi^b U T'i^^^ ;^^P7'P7"-r:^—^> Bacillus su 
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, MfHi|S>fb T5>J-:fettS«-TS / »iK^bgi5^:33 J; tJ^fifl® T ^ / Sit 

;V) -4, 4-t:X (5^7^ ^ / > ^ b U AT? 

10 a5^iiiJ&W*UVi. 

:7'i5'#)!tS*bUy'>>'> ^^5'P:/D7^-1':^— Bacillus suM 
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«e)feHbAlc (%) iSi!i^^S§'^»l5eUfcHb A 1 c (%) 
H H # =^ ^ b ^ ^ 7 § . 

10 

15 Ri-CO-CHg-NH-R^ + H2O + O2 

^ Ri-CO-CHO + NHg-R^ + HgOg 

• • • (1) 

WIB^ (1) tw:feViT, R^-CO-CH2-NH-R2 #D;lf^, 

20 -fb^^Ai^M, «ifk^7'5^l^*ckz>'ll^br5y^TfabSc MIB^ (i) 
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c<Dmn& (R') M^\t. 

-[CH (OH) ]„-CH30H 

, TiB^ (2) T^rTsym^xsrc^^T'^^K^^T^So 

10 -CHR*-CO-R^ • • • (2) 

ttflS^ (2) IC*3VVT. RM*T5 /^fflijmS^^l-. S>t. RM* 

- (NH-CR^H-CO) n-OH • • • (3) 

20 nrvis (Ts /i?#jm«*^i^'(t;^nTVi^) rmitbb^ (4 
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NH 
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r6 • • • (4) 

(4) ic:feViT. RMS, T5 7^«ij0So5-^> m^t-^tirz: 

10 R^Ji 

-CH2-CH2-CH2-CH2- 

-CH2-CH2-CH2-NH-CH (NH2) -T^^. 

15 

-B^J^^^. Tf3i5: (5) T^t)T:: 5^^^ TIB 
^ (5) JC^V^T, nttOi^AiOMI^-eibO, R M*. tOSitllill-r 

20 

- (CO-CR^H-NH) „-H • • • (5) 

^JA^^^ Tf2^ (6) -tr^^bT^i ;^ 
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- (NH-CHR^-CO) n-OH • • * (6) 

15 T-Bo 

^~r. ^jfa^^jfli-r^o z.<Dm!isL-^mt.. mzmm-kn-r. 

;V:7x— ;i' X— (Tr i t o n?^^®?&14^J^) > :^U:t^>'X 
V)V\i-^y T;V^;U xXt^JV (Twe e n^^®^tti^J^ 
) . ifs\J^^^yjL^\yy TJl^JV X-5^J1/ (B r i } ^^m^HM 

mco^-i^ty^^m^i^Miii^^m-v^. ^i^^^zu. mxit. 

25 i&TritonX-lOO, fflffiiSTwe e n - 2 0 , mffp^B r i j 

3 bm^^h\fBn^c mv&^m^^M\z^^mm^m-s.. as. ^aai^ 
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10 Ji^^^n^o 

m^. m^. KJt^m^o'z^uy^T-'^Mmi 0 ooou/l 

. RJiS:?«4'©^^iJ^DH>«IS0. 1-4 0 g/L> ^JSiami 5~6 

15 iBM®^<55a^fe4#fcMKS$n-r, ^y^^^, hUT^mm^w. epp 
smmm. piPESi^«s^, v>wtmmn. ADAmmm. ^j^>m. 

20 1 0. 0 0 OKUy-L. R!^^m^<D^'BifU\:i>mmO. 0 2~40g 

/L, ^^s^a^i 5-6 o-c, Ef^mm2^--4 omm^ pH6~i 1 

OOOKU/L. Kmm^(D^^^^U\i>m&0 . l~10g/L. K 

jtssmi 5-6 ot:, KjiSi^FB^2:^~iBtF^^. pH7~i oommx^ 
^^—[£hmm\z^mx^^o 
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10 ^(omm^mt. m^\t. ^mm^cDF AODmm2 o o-^-s o . o 

OOU/L. ^Jt^m^<O^=Eifu\£>mS:0. 0 2~3 0g/L> ^Kft? 
M^l 5~3 7^:, Rj!^mm l ~2 pH7~9 ©ISHTf^D. M 

J^J^Kft"® F AODJfti^ 1 , 0 0 0 ~ 2 0 , OOOU/L, 
^ri^Dt:>m^O. 1-5 g/L. KiS;M£g 1 5~ 3 ^K^&l^r^T 1 

15 ~5:^i-> pH 7 ~ 9 (D$gfflTa5Sc 

'Z>€\z. WIBF AODMSic:J;oT^i;fe3i^'fk;7jc^©»^, WISP 

20 mt. MXit, Mmit:^mMmmz^r)m:^^^-^ti^. a^, Kmm 

fp0PO'DmS.l--l 0 0, 0 0 0 I U/L, SMJSS 0 . 0 0 0 1 — 
Immo IXL. KJi^m.m2 0-3 7*0. SJiSl^r^ 1 - 5 i)-. pH6 — 
$f^b<(i. ^j^C^^^-f^PODiS^l, 0 0 0- 5 0, 0 0 
0 I U/L. 0 . 0 0 0 2 -0. 1 mmo 1 /L. HfSMS 2 

25 0 - 3 7^:. RPtr^f^mi--' 5^. pH6-9-eife^. t&fBM»^ 

ti, (^izmm-^nr. mmF AODmmmtmmoymmm^-^mmx^ 
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i^nm\z. i^mm(omm^m\z^^mt&^iSsLum\z^n^^^^^^> 
mitmoymMm^^xr^^tiz^^. taiB^jfiLKJ^i'cDHbAi c« 
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5 oM^fit5{»^e^jf[L4'OHb A 1 cm^^nmi)-'^mmzm^'^^^o 



(mmm i ) 

ig'fb* 1 4 % (D k h D tf > 

m'^moi^ik^m'b^M ( 1 5 0 0 G, 10:9-) VXJt^^m^V^ 

s^GLYco • GELii (tfTxifcssi) \zmv. 'Mm\z^y)m^^> 
FAOD mit^j:M^m^ &.Tmc) 2. 0 9ku/l 

25 POD (Ty D elll : :^^^l^ttSS^ £ATI1IC) 7 3 0 U/L 
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m^^M64 : i^yemmxm^m. sirmv) i.46ramoi/L 

T r i s -HC 1 i^^JS (pH 8 . 0) 7 3mmol/L 

H^U, ^;|;:rJ^5^^cD#;K;£:^^©^«E:S6 9 4 nm, 1^^8 8 4 
nm(r*3tt'5g&^^S. ^^t^^Wl^mmm (^n^^JCA-BMS 

1 Ic^t*- 

(It^^aj 1 ) 

20 /lA'f >©f^t)0 fC 1 g/LO a - h U 1 mL 
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(^1) 



(A b s . ) 



(Ab s . ) 



1 y 0.014 

%%m2 y^u^^^y 0. 0 0 0 8 

JttSEMl a-^^hUy~>> 0. 0 63 



0 . 0 9 0 



0 . 0 3 7 



0 . 



0 4 2 



10 ^\ \^Y^mTA'^^yW^\z.-^^^-X\%t:>-tti^1^'®.%m.^-^^^t.i:i^^ ■ 

. mitr)\^:f5.y^i^t/ua^m'ft'r\z. mit-^^e^ui^y^m^miz 

15 ihd^t))^^^. 
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15 (m^bM7n^fS?lKB©m^) 

POD 

U U (pH 7 . 0) 

20 (m-fbmTnSJE&JSCcm^) 

F AOD 

U >^:*f U •:7iA^«^ (pH 7 . 0) 

25 ttrlB^^^O. 2mL, ffiSB^ P t^T— tf^^ 0 . 1 mL ^ScfctJ^U > 
U "^^A^W (PH 7 . 0) 0. 7mL^?g-&L', 37*CT24I^ 
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$ ?>lCttJfBmibS7C^J5S^?"^C 2 0 L^^tQbXSfS^Mifeb. 
5 ^5:9-^05^-RJ&^^<^^?Sfi6 9 4nm. gmft 8 8 4 nm}C:}3lt^® 

10 (^2) 

-/p^;j_^^ jfllM « ^jfiL 

(Abs.) (Abs.) (Abs.) 

15 :/a^^-f > 0.0 0.0 0 9 0.002 

y 0.001 0.02 1 0.015 

j^^y^^^^ 0. 0 1 2 0. 0 1 9 0. 0 1 5 

0. 0 1 5 0. 0 1 6 0. 0 1 3 
20 ^U^^-^y^ 0. 0 3 6 0. 0 2 7 0- 0 3 4 
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)e>fb-\^ D t* > t ^i&oi^^biJ' > A ^ K ^ ^s*^"^ ^ - ^ ^ < ^ 

5 

*tia7X(CHbAl c^^P^^ (SRL^a:®) ^^^UT. HbAl c 
mm^^'ttl^tlA. 3%. 7. 8%, 11. 2%. 14. 7%T^D. 

UT, H b A 1 c «S)&^'^n^*n 5 . 5%, 10. 30^-:?, 



15 



20 



4mL43<fctKl. Omol/L U >^;<J U < P H 8 . 0) 
25 ^^^^S^'^Jl^b^-^U-MC ^^fi5 0 0 0 (5U^7^i:M^ 

19 



PCT/JPOl/06064 

WO 02/06519 



(^3) 

H b A 1 c (%) 

10 ^r.^^^^- 4.3 ^5 7.8 10.8 UJ ^ 

0.010 0.016 0.026 0.043 0. 041 0.059 

:fu^^^y 0.002 0.004 o.oos o.oh o.oos o.oio 

+ 2. 2, ^O*Bia^iC^*r = 0. 9 9 8T?^»3, :/D^^-<>1::-:pV. 
T^^M^«y=132lK+l. 0. -ecOffiM^^^r^O. 968 

20 AlcigS(^igtintC#.V^K^S;0^ii*Pl^fe-<J^'^^^' HbAlcigS<i: 
25 jfiiW*(^HbAl cS^^1i^fl9lC5^Je)§-^*^'t?#§o 
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(^mm 5 ) 

^jfaKM?r^i5' pyn5=--r :^-•fe^ AVN'-T >^ Bacillus subtillis 

10 0 5mM%T r i t o nX- 1 0 07K^?S* 1. 4 mL^JD bT^JfilS 
0. 05fi«%TritonX-lO OtK^tSIC HbA 1 c ^2plS 

15 ^ mnum^m) ^mmvx. HbAi ciis (%) /i^^^-^n^ns. 

5%> 10. 5 %T^D> jS^i:?. ^^i5^Cli>^tS)i>^2 0 0 g/LT?^ 

( y a ^ T — -t: CD m 

(^^x^lf-f AJft^^thSSl) 43J:t;AVW> (P'>a.^tM) ^ 

25 (m-fb^TcK^&^^D) 

r>or> 20KU/L 
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v>mmmm (phs. o) 

5 F AOD 

>J >m:^7U'>i=.i^«?^ (PH8. 0) 

1f>y;V0. 2mL. 7^05^7— 1:?#?^0. 1 6mL43J;I)?0. 1 m 
10 ol/L U>m;t7U^7Am«^ (PH8. 0) 0. 0 4mL<^®'&U 

h^7ij-MC:j^^ft 5 0 0 0 \zmvxm't-^m^m>^ ^m^mm.v 



25 |ufB#^2P^lC^V^T, 15 0: T-^ 
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10 (^ft^) 

^^n:/n5^-r:? — -bf y=i5846x+3. 2 

-/p^y — ifN TT V / J y= 1 6 6 5 9 x+ 3. 3 

/^/^^ y=17258x+3. 4 

15 

(H b A 1 c <dM^:^^) 

^4>OHb A 1 c«^*se)fCo ^fc> ^^tUT, m^^UM\Z'D\^-Z 

^-To 0 2«. 2^^§go^5t;&^(i:«fcO^«j^^^e5f^«S)75:Hb A 1 c« 
25 tfrl3SI!j?M^^T'«!l5£bfcHb Al cat(^ffiMW#*^-ri^^7 
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(%) ii. msa^wim^miz^^KhAi c (%) m^mto^mw^mc 

0. 9 9 3. A'n-I' X^^-^ 0 . 9 9 4 1 t#^#lCiSi< . tUBSftJH^ 

(iiss^y 6 ) 
10 . i\^^m^rc, 

m^^i^z) >&m'\>^^ (1 0 0 0 g. mi 5^m) 

15 (Djfil^lii^43J:lKjfiiM1ii5>SrlElJRbfc. ^UT. ^^^IC. jfaS^li^ 0 . 
0 ImLlC. jkM^^mJt* (OmL. 0.0 0 5mL. 0. 0 1 0 
mL. 0.0 1 5mL, 0. 0 2 OmL) ^ImV. ©ii^^fCTIB^ 

20 mo. 0 6 5mL<&ijn^v3 7'C-e5^rp1'r>=^3.-<-S/3>bfc. ^ 
^\Z. TIBm-fbMTcS^&^^F 0. 0 4 5mL€:^*qLT3 7"C-e2^9^ 

25 7&t^fj;^^cJe). S;^c^^^fcO©®^-^^MiE>^cfit^TfB^4fc^'r< 
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1 0 Ommo 1 /L 

5 (^3^DyD5"-r:^-'k'B:^ : PH 5 . 5) 

i^^u^u'r-^'^-'^ {-Mwrnm^m 4oooku/l 

WST-3 (l^tib^am) . 2mmol/L 

ME S 5mmo 1 /L 

C a C 1 2 5 mm o 1 /L 

10 NaCl 50mmol/L 

WST-3 : 2-(4-3-K7xl)P)-3-(2,4-/~hn7xi)V)-5-(2,4-i'':^)l'7:t7x 

3 0 KU/L 
9 0 KU/L 
0 . 0 6 mmo 1 /L 
2 0 0 mmo 1 /^L 



15 FAOD 
POD 
D 6 4 

U>^M« (PH7. 0) 
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m.m^i$- 1 
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0.0215 


0.0283 . 


0.0348 


0.005 


0.0216 


0.0278 


0.343 


0.010 


0.0196 


0. 0283 


0.350 


0. 015 


0.0204 


0.0289 


0.354 


0.020 


0.0212 


0.0288 


0.359 



10 itifB^4}c5^-ri:af'> Mmm^izitmm^^m^omm'^mMvt 
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W 5ie <Z) H 

10 >^ ^ OZ/Uy^^ i — if. Bacillus sub t i 11 i s g> ^ P -t" 

y _ ^ J?,, § S^*^ ^ $ n ii> < i: © D ^ T - if T 

7. igm'fb7Km(Z)2ftl^5?'^% ^;l/:t4^$/^-if ^:^^btcJ;D^fei-^» 

25 -4,- 4-t';?^ (>?^^;WTS/) >':7aln;^T^>:^^ 

U A T £5 -g) W ^ O IS B 7 IBic 0) S!l ^:5'^= 
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J yp5-7-if^, ^jfiLlmLtcMbTl, 0 0 0- 1 0, 0 0 0, 

0 0 0 uiSffl-e^JnTsW5^ot6H 1 mm<Dm^:^mo 

11. !^-(bT5 ymm'fbjlTC®^^^ ^jfiLlmLlC^bT 5 0 0~4 

0, 0 0 ou©$gfflT^^iD-rsW^®^ffllw^*^®^R''^^^- 
^Hb A 1 c»^^«)^Hb A 1 c ©SS^^^^c 

1 4. mmm.n o^^Hh A 1 c»t> »^o«gffli~i 

2 0l^rtl5&^-^{CfB«!tO?i^;^?*t-<t^We2112pKi^©-s^^P 

© ^ > /I ^ J: i)^-^ 1^' t EB'J b T^-fb^^ n H > ^ 60 

^^pyox-f^ — if. Bacillus. subtillis a^<^:/P7^ 

28 



wo 02/06519 



PCT/JPOl/06064 



10 je^^i' h» 

:$:)-^-r -5 D 7" 7 — if ^ -i) S)l *o 

20 ;^^ufU^^±—^> Bacillus subtlllisa3feg>7^P 

T - -if e> ^ ^ ^ J?*^ ^ M ^ ^ ^ ^> < ^ - ® ^ ^ ^ ^ ^ 
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2 6. ^'fbicJ;0^fe-r^aS*^^ N- (;«7;l/#=^^->:^5^;VT5/:^;U 
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